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Abstract: Misdiagnoses are inevitable when working hypotheses of asthma/COPD of General
Practitioners (GPs) are not checked by spirometry. To reduce misdiagnoses, Asthma/COPD-
support services (AC-services) offer support by performing spirometry assessed together with
written medical history by consulting pulmonologists.
Research questions: Which criteria do GPs use to justify their asthma/COPD working hypoth-
eses? How do diagnostic assessments by an AC-service change GPs’ working hypotheses? Do
GPs’ justifications for their working hypotheses influence the extent to which working hypoth-
eses correspond with diagnoses given by an AC-service?
Method: We investigated the working hypotheses of 17 GPs for 284 patients with respiratory
problems and their justifications: “clinical symptoms”, “office spirometry”, or “specialist’s
correspondence”. Working hypotheses were compared with diagnoses given by an AC-
service, and the influence of the different justifications categories on diagnostic accuracy of
the working hypotheses was described.
Results: 49% of the working hypothesis were only based on clinical information, 21% were also
based on office spirometry. For 30% additional specialist information was available. 50% of the
working hypotheses were confirmed by the AC-service. The working hypothesis asthma was
confirmed more frequently (62%) than the working hypothesis COPD (40%). The justifications
for the working hypotheses given by GPs did not influence these results.
Conclusion: Diagnostic assessments of the AC-service differed significantly from the working
hypotheses of GPs, even when these were based on previous specialists’ correspondence or
on office spirometry. To optimize the diagnoses in primary care, diagnostic support of an
AC-service is recommended for all primary care patients with respiratory problems.
ª 2012 Elsevier Ltd. All rights reserved.) 40 2141158.
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Decision making in asthma/COPD-care should start with at
least a provisional diagnosis, a “working hypothesis”, most
often assessed in primary care from the patients’
complaints and symptoms at consultation. Sometimes
a working hypothesis can be supported by information from
previous specialists’ correspondence. Many studies have
shown that spirometry is required to gain more diagnostic
certainty in asthma/COPD.1e4 The implementation of office
spirometry in primary care is growing, although interna-
tionally barriers still exist in organizing and performing
spirometry,5,6 to the implementation and maintenance of
quality7,8 and to accurate interpretation of the results.9
To overcome either organizational and/or quality prob-
lems, GPs can refer their patients with respiratory prob-
lems to an Asthma/COPD-service (AC-service) to have their
working hypothesis confirmed or adjusted by expert
assessment. In the Netherlands, there are 10 such services,
organized as private institutions or connected to a hospital
(Supplementary Box 1). At these AC-services, consulting
pulmonologists perform diagnostic assessments of spirom-
etry and written medical history data according to a stan-
dardized protocol. GPs receive a report of the diagnosis,
recommendations for further diagnostic examinations (if
indicated) and medical treatment and lifestyle.10 The val-
idity and reliability of this diagnostic procedure (proto-
colized written assessments by different pulmonologists)
has been tested and confirmed by previous research.11,12
Therefore in real life the assessments of the AC-service
are used as a gold standard in primary care diagnostic
procedures.
In this study we examined to what extent there was
concordance between the diagnoses assessed by an AC-
service and the working hypotheses of GPs. Furthermore
we examined whether the justification for the working
hypothesis, suchas clinical symptoms, spirometry performed
in the GP’s office (office spirometry) or information previ-
ously provided by correspondence of a lung specialist or
pediatrician (specialist information)might be of influence on
the level of concordance. Our research questions were:
1. Which criteria are being used by GPs to justify their
working hypotheses?
2. How often are working hypotheses of GPs confirmed by
validated diagnostic assessments of consulting lung
specialists at an AC-service using spirometry and
written medical history?
3. Does the justification given by the GP for the working
hypothesis influence the extent to which the working




The study was performed as part of an evaluation program
that examined the support of an AC-service given to GPs in
and around Eindhoven, the Netherlands, in their care forasthma and COPD-patients (trial ID NTR324). The AC-
service in this study is part of a primary care diagnostic
center that offers laboratory facilities, X-ray/echo, and
function tests. The AC-service supports about 300 GPs and
performs up to 10,000 lung function tests a year.
Population
From1-1-2006 until 1-7-2008GPswereasked toparticipate in
the evaluation program. EligiblewereGPswho had no former
experience in working with the AC-service, who had no
Practice Nurses participating in asthma/COPD-care
processes and who were willing to (re-) organize their care
for asthma and COPD-patients starting with more accurately
diagnosing eligible patients with the help of the AC-service.
Eligible patients were selected from the medical records
by searching for ICPC-codes R95 (COPD), R96 (asthma), R91
(bronchitis)13 and for ATC-code R03 (inhaled medication)14
registered during the last 2 years. As part of standard
procedure the AC-service supported this search, where
after the GPs screened the listed patients for mis-
registrations and, when indicated, added patients. This
resulted in lists of patients with a reasonable suspicion of
asthma/COPD. GPs invited these patients to have spirom-
etry tests at the AC-service as part of the regular care
program. Informed consent was obtained for taking part in
the evaluation study.
Regular procedures of the AC-service
Spirometry including reversibility testing is performed
during a standard visit to the AC-service, according to ATS/
ERS standard procedures. Patients also fill in a structured
questionnaire about their medical family history, their
complaints (cough/dyspnea, mucus, nightly awakenings),
atopy, allergies, smoking habits, MRC-dyspnea score,
exacerbations, use of medication, compliance and co-
morbidity. Length and weight is measured. Data are
assessed by consulting respiratory specialists according to
a standardized protocol.11 Medical and organizational
protocols are based on the guidelines of the Dutch General
Practitioners for asthma and COPD.15
At first visits the emphasis is on establishing a (working)
diagnosis and, when appropriate, on diagnostic and/or
therapeutic recommendations. The diagnosis e and
possibly its adjustment e is still important at follow-up but
the focus shifts to therapeutic advice.
Working hypotheses and diagnoses
GPs were asked to formulate their working hypotheses,
prior to the patients’ visit to the AC-service and to explain
which arguments contributed to these hypotheses: clinical
assessment, office spirometry performed, or information
from lung specialist’s correspondence.
Diagnoses reported by the AC-service were classified as:
1. No Asthma or COPD: lung function is (near) normal.
2. Asthma
3. Asthma and COPD
4. COPD
Figure 1 Diagram showing inclusion of patients and data
collection.
1160 A.E. Lucas et al.5. Diagnosis is uncertain because of ICS use in very mild
COPD or ICS without prior proven reversible airway
obstruction16
We examined the concordance between the working
hypotheses and the diagnoses assessed by the AC-service,
which we considered “gold standard” because of their
shown validity.11,12 As a second step we examined how the
justification for the working hypotheses influenced the
extent to which these working hypotheses correspond with
the diagnoses given by the AC-service?Results
Seventeen GPs with a total population of 39,640 patients
participated in the study. Eight of them worked in singleTable 1 Arguments on which GPs establish their working hypot
diagnostic procedure.
Arguments for establishing a
working hypothesis
Working hypothesis
“I am in doubt” “I expect n
or COPD”
 Clinical assessment 72 16




Total 102 17practices, 3 were duo-practices, and 3 GP’s worked in
a healthcare center. Of 904 patients selected for spirom-
etry, 461 (51%) agreed to take part in the study. Average
age was 51 years (12e88), 55% was female. Working
hypotheses were available for 312 patients (67%). Of those,
28 patients did not show up for spirometry, leaving 284
patients for the study (Fig. 1).
Criteria for setting the working hypotheses
65% of the patients received a clear working hypothesis
(No asthma or COPD/asthma/COPD/asthma þ COPD)
(Table 1). For 140 patients (49%) the GPs’ working
hypothesis was based on clinical assessment (medical
history and physical examination). For a minority of these
patients (n Z 52) this resulted in a clear working
hypothesis of asthma, COPD or both asthma and COPD. For
58 patients (20%) office spirometry was performed which
resulted in 39 (68%) clear working hypotheses. 31%
(n Z 86) of all working hypotheses were adopted from the
correspondence of lung specialists, most of those
(74 Z 86%) were clear to the GP.
Diagnostic accuracy of GPs’ working hypotheses
For 34% (nZ 102) of all patients referred to the AC-service,
the GPs were uncertain about the working hypothesis even
when office spirometry was performed (n Z 18) or when
there was correspondence of a lung specialist (n Z 12)
(Table 1). For 95% of those patients, the AC-service
provided a diagnosis (Fig. 2): 42% (n Z 40) was diagnosed
as asthma, 14% (n Z 13) COPD, 10% (n Z 9) asthma and
COPD, 34% (n Z 34) neither asthma nor COPD (Table 2).
Seventeen patients (6%) had the working hypothesis “no
asthma/COPD”, 2 of them were diagnosed “asthma” and 2
as “COPD”.
The GPs set a clear working hypothesis (asthma, COPD
and asthma þ COPD) for 165 patients (Table 2). 21%
of them (n Z 57) were supposed to have COPD and
another 8% (nZ 21) both COPD and asthma. Of 31% of the
patients (n Z 87) the GP was sure of the diagnosis
asthma. Fig. 2 shows that these working hypotheses did
correspond with the diagnoses of the AC-service in 40%
(“COPD”), 10% (“asthma and COPD”), and 73% (“asthma”)
of cases. The overall concordance between clear working
hypotheses and diagnoses assessed by the AC-service was
48% (79/165).hesis for patients with respiratory complaints eligible for AC-
o asthma Asthma Asthma þ COPD COPD Total
36 4 12 140
17 4 18 58
34 13 27 86
87 21 57 284
Table 2 Working hypothesis of the GP and the diagnosis
assessed by patients’ first visit to the AC-service.
Working hypothesis Diagnosis assessed by AC-service
ICS? No A/C A A þ C C ? Total
“I am in doubt” 2 34 40 9 13 4 102
“I expect no AC” 0 13 2 0 2 0 17
Asthma 2 18 54 9 2 2 87
Asthma þ COPD 0 4 12 2 2 1 21
COPD 1 9 17 3 23 4 57
Total 5 78 125 23 42 11 284
Primary care asthma/COPD working hypotheses 1161Diagnostic accuracy influenced by justification of
the working hypotheses
Fig. 3 shows how the justifications for the working
hypotheses were related to the outcome of the assessments
of the AC-service. Information from correspondence of lung
specialists gave 86 working hypotheses of which 35 (41%)
were confirmed. Office spirometry gave 60 working
hypotheses of which 20 (33%) were confirmed. Clinical
assessment gave 138 working hypotheses of which 37 (27%)
were confirmed.
Discussion
Our study shows that the working hypotheses of the
participating GPs offered limited certainty about an accu-
rate diagnosis of respiratory problems. Approximately half
the working hypotheses were confirmed by diagnostic
assessment by an asthma/COPD-service. Neither office
spirometry nor interpretation of historical information from
lung specialists’ letters improved this outcome, although in
total they contributed to a higher number of confirmed
working hypotheses (68%, resp. 89%) than clinical argu-
ments alone (50%).
Of course patient outcome is not only dependent from
the accuracy of the diagnosis but is influenced by many
factors like GP’s performance, patient adherence to advice
and treatment, the disease itself and the circumstances of
all these factors. However, a correct diagnosis attributes to
correct care from which patients should benefit, at least
those who might have received an asthma/COPD diagnosis
incorrectly.
Our findings reflect the difficulty of making a diagnosis in
asthma and COPD in daily clinical practice, going from
symptoms (allergy) lifestyle habits (smoking) or from
complaints that are not sufficiently specific, or going from
spirometry results that are often hard to interpret, if at all
obtained correctly [5, 6, 9]. Misdiagnosis (under-diagnoses,
but also over-diagnoses) occurs, as is reflected in the
working hypotheses in this study.Figure 2 Working hypotheses of the GP and diagnoses assIn our study, the working hypotheses were registered for
care purposes and not for research purposes which also
influences their accuracy.17 Inconsistent registrations
reflect “carelessness” as well as daily practice diagnostic
uncertainty18 and misdiagnoses,19 all contributing to the
low concordance of working hypotheses with expert diag-
noses. This is a problem not uncommon in primary care: our
results are in line with a Swedish study showing that only
30% of clinical diagnoses of COPD were confirmed by
spirometry.4
Few studies compare expert spirometry with office
spirometry by GPs without training the GPs or without
protocolizing the performance or interpretation of
spirometry. In an experimental setting but without training,
GPs and specialists disagreed in 38% of spirometry inter-
pretations of patients diagnosed with asthma or COPD, and
only fully agreed in 20% [9]. Our research question was not
to compare the expertise of GPs and pulmonologists, but to
find out whether patients with a working hypothesis
asthma/COPD given after (unprotocolized/untrained)
spirometry could enroll in disease management programs
without further diagnostic assessment. The low impact of
office spirometry for accuracy of working hypotheses
stresses the importance of quality equipment, performance
skills and knowledge of and experience in interpretation of
lung function measurements. It was shown that GPs, whenessed by the AC-service: how often do they correspond.
Figure 3 Change of working hypotheses into diagnoses assessed by the AC-service: outcome related to the criteria for estab-
lishing a working diagnosis (correspondence of a lung specialist, office spirometry, clinical assessment).
1162 A.E. Lucas et al.minimally trained, can distinguish normal from abnormal
lung functions.20 Through thorough training GPs can e in
experimental settings e assess lung function as accurate as
lung specialists21 or an expert system.22 In every day
practice however, there is a need for ongoing diagnostic
support23 as well as for the assistance of trained practice
nurses.24
Pulmonologists correspondence generally concerns long
time care and/or extended diagnostic assessments.
Therefore it was surprising that the information in the
correspondence from the pulmonologist or pediatrician did
not improve the predictive value of the working hypothesis
for the diagnosis of the AC-service. An important reason for
this is that the Information from older letters might not be
appropriate anymore because of changed disease defini-
tion. In the past asthma and COPD were often combined in
the Netherlands in the diagnosis “chronic nonspecific lung
disease” (CNSLD)25 and classification (using a fixed FEV1/
FVC ratio or low limit of normal FEV1/FVC to define airway
obstruction26), changed interpretation of presented
complaints and the evolution of the patient’s disease. The
indefinite character of respiratory diagnoses also attributes
to the found uncertainty of pulmonologists diagnoses. This
phenomenon was shown in a follow-up study of the DIMCA
program27 that showed that 10 years after extended diag-
nostic screening in research setting, 50% of the diagnoses
were neither definite nor stable in time but were renewed
after reassessment by lung specialists.28 GPs should be
aware of this phenomenon and realize that information
from old correspondence can be outdated and might not be
reliable anymore.
In addition, professionals should communicate as clearly
as possible, leaving no room for interpretation and prevent
definitions like “unstable COPD, characterized by chronic
asthmatic bronchitis” (referral letter from pulmonologist,
2007).
Limitations of the study
Working hypotheses for 143 patients were missing. We
choose not to specifically remind the GPs in order not tobias this study and our other studies focusing on un-
intervened regular care. Therefore we examined the 284
records available. We assume that working hypotheses most
often were missing because of diagnostic doubts. That
means that the percentage of uncertain working hypoth-
eses could be twice as high (up to 56% instead of 35%). Since
this category was excluded for the examination of diag-
nostic certainty of the working hypothesis, this part of our
results is not influenced. Furthermore, patients without
a working hypothesis resembled the study population in
diagnoses assessed by the AC-service suggesting no selec-
tive recruitment bias.
The limited diagnostic certainty of working hypotheses
based on specialists’ correspondence was unexpected and
we did to collect date data about the correspondence.
Further research should clarify whether specialists’ corre-
spondence in more recent years offers the expected
certainty for the GP’s working hypothesis.
We cannot conclude that the AC-services diagnosis is
incontestable since for assessments of asthma and COPD
a single gold standard test is missing. In research situations
optimal accuracy can be obtained by performing additional
tests such as whole body plethysmography and histamine
provocation tests, and HRCT thorax [7].28 For daily care the
assessments of the AC-service are as good as life consul-
tation of a patient by a pulmonologist (Cohen’s kZ 0.82)11
and its assessments have a fairly good inter-observer reli-
ability (k Z 0.67).12 Furthermore, the AC-service warrants
quality diagnostics by peer review of assessments in the
team of consulting lung specialists. Therefore we consider
an AC-service to be “best practice” for reviewing working
hypotheses but we recommend follow-ups for more diag-
nostic certainty.
Conclusion
Working hypotheses of General Practitioners offer limited
certainty about the correct diagnosis of respiratory prob-
lems, independent from the justifications that they are
based on. Clinical symptoms often leave uncertainty about
the accuracy of the working hypotheses. In addition,
Primary care asthma/COPD working hypotheses 1163working hypotheses based on (outdated) specialist corre-
spondence might not be reliable anymore and should be
updated regularly by spirometry and medical history taking.
Expert diagnostic support of an Asthma/COPD-service is
recommended to optimize the diagnoses in primary care for
all primary care patients.
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